Introduction
Helicobacter pylori (H. pylori) is the cause of chronic gastritis, and is the most common chronic bacterial infection in humans (1) . It has probably coexisted with humans for as long as mankind (2) , yet its association with gastro-duodenal disease was first truly recognized when Marshall and Warren identified and cultured the bacterium in 1983 (3).
Among the large number of studies on H. pylori prevalence, only a few include children (4) , and even fewer studies include adolescents (5) . Most H. pylori prevalence studies have used serological testing (6) , a method with known limitations. In recent years, studies using urea breath tests have been published (7) , yet stool tests are increasingly being used (8) , (9) .
The transmission routes of H. pylori are still poorly understood (10) .The transmission has been assumed to take place in early childhood (11) , most likely from mother to child (12) , (13) , (14) , although transient colonization may occur that does not lead to chronic infection (15) . Animals have been proposed to be the source of the bacterium (16) , (17) , but several authors argue strongly against zoonotic transmission (18) (19) (20) . Indeed, some studies suggest that having pets in the household may protect against H. pylori infection (18) , (19) . Drinking water supply have also been discussed as indirect transmission sources (20) - (21) as have toilet facilities (22) . H. pylori has been found in very early childhood (29) (30) (31) , yet most studies conclude that breast feeding is protective against this infection (32) (33) (34) . Still, transmission routes can be classified into direct, i.e. oral-oral, gastro-oral, and fecal-oral, and indirect routes sucha as via food, animals, and drinking water (10) , (23) .
A marked difference in prevalence between developed and undeveloped countries has been reported (24) , as well as between affluent and less affluent regions of Europe (25) . In addition, differences in the prevalences of H. pylori between Western and Asian countries, and the apparent decline in H. pylori occcurence observed the last years in Western countries, may indicate that life style differences and changes may have impact on the prevalence (26), (27) . We have previously reported the H. pylori prevalence in adults in our study population to be 32.9% (24.5% after age adjusment) (40) . In the present study, we have aimed first to explore the prevalence of H. pylori across all age groups, based on data from both a rural and and an urban population in a population-based setting, using a stool antigen-based, monoclonal immunoassay amplification method. Furthermore, we wanted to screen for variables with a possible association to H. pylori infection in order to unmask routes of transmission. For comparison, we have also included an overview of population-based publications of H. pylori prevalence around the world (Tables 3 and 4) .
Material and Methods

Study population
Participants were recruited from the populations of Bodø city center and from the more rural municipality of Sørreisa in Northern Norway, as parts of the Bodø Helicobacter Study (28) ) and the Sørreisa Gastrointestinal Study (29) , respectively, in the period from autumn 2004 to spring 2005. The recruitment process for adults has been previously described (28) , (29) .
Thus, the recruited study subjects were 173 children, 46 adolescents and 1416 adults. The children (0-11 years old) and the adolescents (12-17 years), were recruited only from the urban area of Bodø, whereas adults (>= 18 years) were recruited from both study sites. A total of 3927 adults were invited to participate by completing a questionnaire and to provide a stool sample for H. pylori antigen detection. The two populations had similar socioeconomic background, and a homogenous ethnicity. There has been no systematic screening for, or treatment of, H. pylori in Northern Norway.
In addition, a population-representative group of 440 children between 0 and 11 years of age, and 240 adolescents 12-17 years old in Bodø were invited. The children's guardians were asked to provide a stool sample from the child, whereas the adolescent subjects were asked to fill in a simplified questionnaire (see below) in addition to provide a stool sample, as for the adult subjects.
Assessment of Helicobacter pylori infection
The presence of H. pylori was assessed by detection of bacterial antigen in stool samples with a monoclonal immunoassay amplification method ("Hp Star", Dako Cytomation, Glostrup, Denmark) strictly according to the manufacturer's instructions. This method has been shown to have a sensitivity and specificity of more than 90% in adults as well as children (8), ( 9), and a corresponding sensitivity and specificity of 98% and 94%, respectively, in adult patients in our region (30) .
Questionnaires
The self-administered questionnaires for adults have been described earlier and included questions regarding gastrointestinal complaints, lifestyle factors and biometric data (29) . In addition, questions regarding potential transmission routes were included. Based on previous litterature, five variables representing possible transmission routes of H. pylori infection prior to the age of 18 years were addressed: the type of toilet available (22) , (31) , the source of drinking water (20) , (21) , (32) , (33) , breastfeeding or not during infancy (34) , (35) , (36) , contact with pets (19) , (18) , and) contact with farm animals (17), (37 confidence intervals (95% CI)
Ethics
The study was approved by the Regional Committee for Medical Research Ethics. Licence to register participants was granted by the Norwegian Data Inspectorate. Each participant or participant's guardian provided written informed consent.
Results
Participation
Of the adult subjects invited to participate, 1681 individuals (42.8%) completed the study questionnaire and 1416 (36.1%) provided stool samples for H. pylori antigen detection as previously described (29), (28) . Among the adolescents, 45 (18.8 %) completed the questionnaire, and 35 (14.6%) provided a valid stool sample. Among the children, 173 (39.3%) valid stool samples were collected (Table 1) .
All-age prevalence of H. pylori infection
The prevalence of H pylori infection across the age groups is reported in Figure 1 . There was a slightly lower prevalence of H pylori carriers in Bodø as previously described (28) (data not shown). H pylori infection was nearly absent in children (0.6 %). Among the adolescents the prevalence was 20%. Four adolescents reported gastrointestinal complaints weekly or monthly, of whom two were H. pylori positive and two negative.
In adults, the prevalence increased gradually with age, except for in the age group above 70
years, where a decline among men was observed ( Figure 1 ). The frequency of gastroinestinal complaints have in part been described previously (28), (38) . In the present study, 95% of the adults had no or negligible abdominal complaints (data not shown).
Transmission factors
Among the risk factors tested, univariate analyses showed significant associations of H.
pylori infection to private well, outhouse toilet, and farm animals ( Table 2 ). However, these significances were lost in multivariat analyses (data not shown), where age persisted as the only significant risk factor
Discussion
In this population-based study of H pylori prevalence, the risk of being infected with the bacterium was nearly undetectable in childhood, whereas an age-dependent increase from adolescence onwards was observed, which peaked at age 60-70 years. A broad screening for potential transmission routes showed that ever having a private water source, an outhouse toilet in childhood, but not breast-feeding in childhood, was significantly associated to H.
pylori positivity in univariate analyses. However, no independent risk factor could be identified in the multivariate analyses. Our data indicate that the transmission routes in the 21 st century may be related to life-style factors in adolescence.
We used a fecal antigen test with both a high sensitivity and specificity (30) , which should be well suited for population studies. Previous studies, although few, using fecal antigen-based tests in children, report prevalence numbers between 7.1% and 47% (39) - (40).
Our results equal those of the serology-based Dutch study, in which the prevalence was 0.5% in children with two Dutch parents, versus 2.6% in children with at least one non-Dutch parent (41) . An overview of the world-wide prevalences of H. pylori infection in healthy children is shown in We observe a marked increase in the prevalence of H. pylori from childhood to adolescence.
Prevalence studies from this age are harder to find in the literature. In Siberia, the seroprevalence in youths aged 14-17 was 56.3% (5), comparable to 44.9% in a European multinational study in the age group 12-17 (46) . In a follow-up study from Turkey in the age group 9-18, the prevalence based on Urea Breath Test was around 50% (47) . In a study from the US in 1996, the seroprevalence in the 10 to 19 year olds was 26-29% (18).
In our adult population, the crude prevalence of H. pylori was 32.9%, and the age-adjusted prevalence was 24.5% (28), both beeing somewhat lower than reported from most of the rest of the world as outlined in Table 4 . The prevalence of H. pylori in the adult population is decreasing. Previous population studies from our region has showed a reduction from 42% in 1987 (48) to some 25% 17 years later (29) . The same tendency is documented from other regions (49).
The world-wide differences in the prevalences are hard to explain, but our study and the previously mentioned Dutch study (41) indicate that the traditional transmission routes are compromised in populations with improved sosio-economic and sanitary standards. This is also confirmed in a report from Russia (49). The previously proposed mother-to-child transmission routes, such as breast-feeding (50), is most likely reduced to a minimum in the Western population.
A comprehensive search for potential risk factors for transmission routes in our study indicated that having a private water source or an outhouse toilet in childhood, as well as contact with farm animals, were all associated to H. pylori infection, but these were not ageindependent factors. In multivariate analyses these associations were lost (data not shown), probably because of the non-independent nature of there variables.
The prevalence of H. pylori in children as described above indicates the low rates of bacterial transmission in the 21 st century. Our data indicate that H. pylori may stem from animal sources either via drinking water or physical contact with the animals, or from other humans via drinking water due to sub-optimal sewage standards. In addition, our data indicate that the transmission routes in this century may be related at least somewhat to behavioural life-style factors in adolescence.
Thus, the main source of H. pylori and the transmission routes remains so far unsettled, although the most important reservoir for the bacterium is the human stomach (23) . H. pylori has been detected in animals (16, 17, 46, 61, 62) , and animal faeces has been proposed as an important source for H. pylori (28, 63, 64) , but the data regarding transmission from animals to humans are not fully consistent (19) . It is still broadly assumed that transmission is essentialy inter-human and intra-familial (51), but our findings indicate that the intra-familial hypothesis may be less important in our region, considering the very low prevalences in children and adolescents.
The world-wide decline in the prevalence (66-68) is most likely associated to improved hygienic standards. This is especially true in mother and child care, which may be the most important factor to explain low prevalence of H. pylori infection in the lower age groups.
Thus, it may seem that the transmission is postponed from childhood to adolescence. Figure 1 . A follow-up study of these cohorts would help to clarify this.
The strength of this study is the population-based prevalence measurements including all age groups, from both an urban and a rural community. Moreover, we have based our data on an antigen-based H. pylori test, with known high sensitivity and specificity. Yet there are areas with some weakness. Firstly, the participation from the adolescence group was low. The prevalence data of H. pylori infection from this group thus remains uncertain, but the lowest possible prevalence would still be 3% if all the 205 non-participating subjects had tested negative. In comparison, the prevalence in the studied children was 0.6% and in the next age group 18-30 years 7-8%. Therefore, we have evidence from this study that H. pylori infection first occurs in adolescence. Another weakness of our study is that more comprehensible data would have been available if a family-based prevalence study had been performed in the H.
pylori positive subjects.
In conclusion, in this population-based, urban and rural, all-age prevalence study of H. pylori infection, the risk of having the infection was low. It was mostly absent in children, whereafter an age-dependent increase from the adolescence on was observed with a peak Over-all and gender distribution of response rate (n, percent) to the invitation to fill in a questionnaire (adolescents only) and provide stool samples for the detection of H. pylori in the Bodø Helicobacter Study. An equal number of males (M) and females (F) were invited. The division in age groups is not exact due to different use of these groups. 
